Granulomatosis with polyangiitis (GPA) is a chronic, relapsing, primary systemic small vessel vasculitis associated with anti-neutrophil cytoplasmic antibodies. The disease is characterised by the involvement of various organs. The relapse rate rises from about 20% at 12 months to about 60% at 5 years. The combination of glucocorticoids and cyclophosphamide remains the standard therapy for patients with generalised GPA; nevertheless, some patients do not respond satisfactorily to this treatment. According to EULAR-EDTA recommendations for the management of ANCA-associated vasculitis, RTX should be considered for remission-induction of new-onset as well as major relapse of organ-threatening or life-threatening GPA. Here we present a 35-year-old patient with relapsing GPA successfully treated with RTX. We also highlight the infectious complications of immunosuppressive treatment.
Introduction
Granulomatosis with polyangiitis (GPA) belongs to the group of primary systemic small and medium vessels vasculitis associated with the presence of anti-neutrophil cytoplasmic antibodies (ANCA-associated vasculitis -AAV) [1] . This chronic relapsing disease is characterised by the involvement of various organs. The classic triad of symptoms includes the involvement of the upper and lower respiratory tract and kidneys. The disease can occur in several forms, from mild to very severe and life-threatening one. Relapse rate rises from about 20% at 12 months to about 60% at 5 years [2] . Since the introduction of steroids and cyclophosphamide as a standard immunosuppressive regimen, survival of patients diagnosed with GPA has improved considerably. Mortality rates, previously exceeding 80% in 1 year, have been reduced to 20% in 5 years [3] , but still it is a chronic disease, significantly lowering the quality of the patient's life. Rituximab (RTX) is a monoclonal anti-CD20 antibody that selectively targets B cells. According to EULAR-EDTA recommendations for the management of ANCA-associated vasculitis RTX should be considered for remission-induction of new-onset as well as major relapse of organ-threatening or life-threatening AAV [4] . Here we present a patient with relapsing GPA successfully treated with RTX. We also highlight the problem of infectious complications of immunosuppressive treatment.
Case report
A 35-year-old woman was admitted to our department in August 2012 due to recurrent respiratory infections, nasal congestion and purulent nasal discharge without improvement after antibiotics. The patient also suffered from ulcerated subcutaneous nodules identified as pyoderma gangrenosum, fever, weakness, arthralgia and arthritis for 6 months before hospitalization. The physical examination revealed inflammatory granulomatous tissue with crusts in the nose, nasal septum perforation and skin ulceration on the leg.
Laboratory tests were significant for normocytic normochromic anaemia (haemoglobin 10.2 g/dl), mild leucocytosis (white blood cells 11.3/l), thrombocytosis (PLT 437 G/l), erythrocyte sedimentation rate (ESR) 42 mm/h (normal range 2-0 mm/h) and C-reactive protein (CRP) 37 mg/dl (normal range 0-5). Urine test and creatinine level were normal. Blood test revealed positivity for PR3-ANCA antibodies (cANCA 1 : 40, anti-PR3 41 RU/ml, positive > 20 RU/ml). Nasal cultures were positive for Staphylococcus sp. Computed tomography (CT) of the chest showed bilateral solid nodules with cavitation ( Fig. 1) .
Based on clinical presentation with upper and lower respiratory tract involvement, typical lung changes on CT and presence of cANCA antibodies, the granulomatosis with polyangiitis (GPA) was recognized. Its' clinical activity was assessed using a disease-specific activity index the Birmingham Vasculitis Activity Score modification for GPA (BVAS/GPA = 5 points). The patient was treated with glucocorticoid pulses (methylprednisolone 3 × 1,0 g i.v.) and pulses of cyclophosphamide (CYC) in dose 15 mg/kg/infusion, according to EUVAS recommendations with frequency of administration: initial 3 pulses every 2 weeks, then every 3 weeks. Prophylaxis against infection with Pneumocystis jirovecii with trimethoprim/sulfamethoxazole was also administrated. After 6 months of treatment (total dose of CYC 7.0 g i.v.), skin changes have healed, but ANCA titers increased (cANCA 1 : 320) and control CT imaging revealed persistent pulmonary infiltrations (Fig. 2) .
Considering the patient's age and the desire to have another child, it was decided to change the immunosuppressive treatment to mycophenolate mofetil (MMF). Unfortunately, the control CT of the chest performed after the subsequent 3 months of MMF treatment revealed a significant progression of lung nodules (Fig. 3) . CYC was administrated again to the total dose of 11.8 g i.v. The activity of the disease remained high (BVAS/GPA = 8 points) with new clinical symptoms -strawberry gingivitis, mild polyneuropathy, progression of sinuses involvement with destruction of the maxillary sinus bone structures (Fig. 4) and orbital pseudotumor causing stare of the left eyeball (Fig. 5) .
Laboratory test preformed that time showed anemia (Hgb 9.8 g/dl), thrombocytosis (PLT 425 G/l), high CRP (149 mg/l). There were no laboratory symptoms of renal involvement (creatinine concentration and urine tests were normal). Nasal, blood and bronchoalveolar lavage cultures were negative. Due to resistance to cyclophosphamide, the rituximab (RTX) was administrated in total dose of 2.0 g i.v. (2 × 1.0 g every 2 weeks). During assessment 6 months after RTX infusion, the clinical remission was noted (BVAS/ GPA = 0 points), the PR3-ANCA titres decreased significantly (anti-PR3 11 RU/ml), laboratory tests were within normal ranges and chest CT revealed significant regression of the pulmonary infiltrations (Fig. 6) .
For remission-maintenance 2.0 grams of RTX were administrated. Two months later the patient was hospitalised due to soft tissue swelling in the left half of the face covering the area around the nose and left eye causing limitation of vision in this eye. Moreover, ophthalmological examination revealed purulent infection of the lacrimal sack in left eye. In laboratory tests eleva- Fig. 1 . Chest CT at diagnosis -bilateral solid nodules, cavitation with irregular, thickwalled cavity margins typical for GPA. Fig. 2 . Chest CT after 6 months of immunosuppressive treatment; in the lower lobes of both lungs infiltrates in the form of nodular mass with cavitations and regions of consolidation involving almost entirely both lower lobes, merging with each other and adjacent to the pleura. tion of acute inflammatory markers (CRP 42 mg/l, ESR 32 mm/h) was observed. Cultures from lacrimal sac were positive for Pseudomonas aeruginosa. Antibiotic therapy and drainage of the lacrimal sack were administrated with good response. Four months later (6 months after second rituximab infusion) the activity of the disease was assessed, and patient was still in clinical and radiological remission (BVAS/GPA = 0 points). Methotrexate (25 mg/week orally) was administrated for maintenance of remission. One year later (in May 2016) the patient started to complain about purulent nasal discharge and fever. Elevated inflammatory markers (CRP 60 mg/l, ESR 56 mm/h), mild anaemia (Hgb 10.6 g/l) and increased level of PR3-ANCA antibodies (cANCA 1 : 160, PR3 29 RU/ ml) were observed in laboratory tests. Nasal cultures were positive for both Pseudomonas aeruginosa and Staphylococcus aureus. Radiological studies have shown a new lung infiltration and significant progression of destructive lesions in the bones of the head (Fig. 7) .
Granulomatosis with polyangiitis relapse was recognised (BVAS/GPA = 2 points). Due to previous resistance to CYC and good response to RTX, it was decided to re-infuse this biologic drug in a schedule different than the one used before (375 mg/m 2 of body surface area, once a week for the next four infusions). After the third of four infusions, the purulent inflammation of the lacrimal sac reappeared. Cultures from the lacrimal sac showed Staphylococcus aureus infection. Antibiotic therapy was administrated for 14 days (amoxicillin with clavulanic acid) and a fourth infusion of RTX was given without further complications. After six months, the patient was in clinical remission, but several purulent infections of the lacrimal sac reappeared during that time. The patient was treated with methotrexate (25 mg/week) and small doses of glucocorticoids to maintenance the remission. Prophylaxis against Pneumocystis jirovecii infection with trimethoprim/sulfamethoxazole was continued. Nasal cultures were repeated in case of any symptoms of infection and if results were positive for Staphylococcus aureus or Pseudomonas aeruginosa, antibiotic therapy was administrated.
Discussion
Granulomatosis with polyangiitis is a chronic relapsing disease. Cyclophosphamide and glucocorticoids have been the standard of remission induction therapy for generalized GPA for many years. CYC induction regimens are effective in 70-90% of patients, but a considerable number of patients are resistant to standard treatment. CYC exposure may also be associated with adverse effects such as infections, cancer, and infertility. The risk of ovarian failure depends essentially on the age at CYC Fig. 4 . Destruction of the maxillary sinus bone structures. initiation [5] . This aspect can be particularly important in middle-aged female patients, as in our case.
Rituximab is a chimeric monoclonal antibody directed against CD20, a cell surface antigen expressed almost exclusively on cells of B-lymphocyte lineage. Binding of the antibody to CD20 results in selective depletion of B lymphocytes by a variety of different mechanisms [6] . Rituximab has been used in AAV for induction of remission as in the RAVE [7] and RITUXVAS [8] trials, and in the maintenance as in the MAINRITSAN trial [9] .
Observational studies investigating the efficacy of RTX in refractory GPA have been published in the recent years, most of which reported high rates of remission (80%), even among patients with refractory disease and predominantly necrotising granulomatous disease manifestations [10] [11] [12] . Its use also allows a reduction of the exposure to cyclophosphamide. Rituximab may also be better than cyclophosphamide for those participants who are PR3-ANCA positive. Considering all new data, in 2016, the European League Against Rheumatism (EULAR) with the European Renal Association -European Dialysis and Transplant Association (ERA-EDTA) have published an update of 2009 EULAR recommendations with the focus on the management of ANCA-associated vasculitis [4] . The treatment differed according to clinical presentation of the disease. For remission-induction of new-onset organ-threatening or life-threatening AAV, treatment with a combination of glucocorticoids and either cyclophosphamide or rituximab is recommended. For patients with AAV refractory to remission-induction therapy, switching from cyclophosphamide to rituximab or from rituximab to cyclophosphamide is recommended. Nowadays, patients who have not responded to CYC have the option of treatment with RTX within the treatment program in Poland. This provides much better access to modern treatment. The possibility of such treatment from the beginning, would prevent our patient from prolonged exposure to CYC and its complications (ovarian failure).
The presented patient had severe upper respiratory tract involvement. It is worth highlighting the differences in recommendations regarding to this aspect. The 2009 recommendations suggested that methotrexate use was reasonable for those patients. However, this time the recommendations have differentiated even localised disease into that with and without cartilage and bony involvement, the argument being that destruction of nasal tissues is an organ threatening manifestation and the treatment is as above [4, 13] . Mycophenolate mofetil was completely ineffective in our patient. According to new recommendations, MMF could be used in the niche area of localised disease where methotrexate might not be appropriate. Most patients should therefore receive either cyclophosphamide or rituximab for remission induction.
The risk of serious bacterial infectious after an immunosuppressive therapy, especially used in severe and refractory cases of systemic autoimmune diseases, is well known. There is a strong possibility that the initial adverse effects of remission induction are related to glucocorticoid treatment, as shown by the similar rate of adverse events in a randomised controlled trial of rituximab vs. cyclophosphamide [7] . Peripheral B cell depletion caused by rituximab lasts for an average of 6-9 months and sometimes longer. The risk of serious infectious events remains several months after an RTX course, primarily within 6 months of the RTX infusion [14] . Our patient suffered because of recurrent upper respiratory tract infections. Interestingly in our patient the main infectious complication was purulent lacrimal sac inflammation. The described patient did not have any of the identified risk factors associated with an increased risk of infection in patients treated with RTX: corticosteroids were used mainly in low doses (< 15 mg/day), she did not have kidney failure or diabetes, her IgG level was normal, and she was treated with methotrexate but not with azathioprine [15, 16] . Taking that into consideration, it can be assumed that frequent recurrences may have been associated with chronic nasal carriage of Staphylococcus sp. It was shown, that GPA might be precipitated by infection with Staphylococcus aureus, which initiates a cascade of immunological events caused by several Staphylococcus aureus toxins. This hypothesis is supported by the observation that chronic nasal carriage of Staphylococcus aureus is related to exacerbations of GPA [17] . However, some researchers report that the transmission of Staphylococcus aureus to RTX-treated GPA patients did not affect GPA exacerbations or treatment efficacy and even reduced the risk of significant hypogammaglobulinaemia in these patients [18] . So, the topic is open, but patients' carriers of bacterial infections including Staphylococcus aureus need special attention.
Conclusions
The combination of glucocorticoids and cyclophosphamide remains the standard therapy for patients with generalised GPA. Nevertheless, ANCA-associated vasculitis (AAV) has a high relapse rate, and some patients do not respond satisfactorily to this treatment. Many results indicate that rituximab therapy has a valuable effect in patients with AAV and may be superior to CYC in relapsing disease. Rituximab as an effective and well-tolerated treatment for patients with AAV should be strongly considered in severely affected patients who do not respond to standard therapy. Staphylococcus aureus carriers in patients with autoimmune diseases, often hospitalized and treated with immunosuppressants should be considered as a potential cause of exacerbation of a disease [19] .
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